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Glioma is the most common malignant tumor of the central nemus system with high
morbidity and mortality. Circular RNAs (circRNAs) are abdant non-coding RNAs, which

contribute to tumor progression by competing with other enedgenous RNAs such as
microRNA (miRNA). MiRNA are a class of small non-coding RNAwhich interrupt the

translation of target mRNAs. CircPCMTD1 (hsa-circ-000180D) is a newly discovered
circRNA that was found to be signi cantly upregulated in gma. However, its function is
unclear. In this study, circPCMTD1 upregulation promotedhe cell viability, migration and
invasion dramatically, while the inhibition of circPCMTDI&d to a signi cant reduction of

tumor growth in vivo. MiRNAs microarray analyses on circPCMTDL1 silencing modein

U251 and U118MG cells were performed, and the results suggeed that circPCMTD1

knockdown could upregulate the expression of miR-224-5p ad downregulate the

expression of mTOR, one of miR-224-5p targets, in both cellihes. According to the

prediction from circular RNA interactome and Targetscan,htere was a complementary
sequence in circPCMTDL1 for miR-224-5p. Dual-luciferase morter assay demonstrated
that circPCMTD1 were targets of miR-224-5p. RIP assay was ab performed to further
con rm their directly interaction. Overexpression of miR224-5p inhibited the viability and
proliferation, migration, and invasion of U251 and U118MGIgma cells. In conclusion,
circPCMTD1 could contribute to the promotion of glioma progession, and it may serve
as the sponge of miR-224-5p to exert its function.

Keywords: glioma, circPCMTD1, miR-224-5p, oncogene, U118MG cells, U251 cells

INTRODUCTION

Glioma, characterized by its high morbidity and mortality the most common malignant tumor
of the central nervous system, which accounts for more th@% &f malignant brain tumors
worldwide (., 2). High lethality and aggression of glioma ultimately ledadshigh recurrence
rate after surgery. Despite advances in combination of itheéi@py or chemotherapy, malignant
gliomas have an unfavorable prognosis with the overall nresliavival times (OS) of 37.6 months
for anaplastic gliomas, 14.4 months for glioblastoma muitife (GBM), and 78.1 months for
low-grade gliomas (WHO Grade II) according to the Chineséo®a Genome Atlas (CGGA)
statistics §, 4). Therefore, it is essential to explore the key moleculesraachanisms underlying

Frontiers in Oncology | www.frontiersin.org

1 May 2019 | Volume 9 | Article 398


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2019.00398
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2019.00398&domain=pdf&date_stamp=2019-05-22
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:zhangweispace@yeah.net
mailto:littlecanva@163.com
https://doi.org/10.3389/fonc.2019.00398
https://www.frontiersin.org/articles/10.3389/fonc.2019.00398/full
http://loop.frontiersin.org/people/663670/overview
http://loop.frontiersin.org/people/665011/overview

Zheng et al. CircPCMTD1 Promoted Glioma Progression

the pathogenesis and development of glioma, which coullMATERIALS AND METHODS
potentially identify e ective targets for the treatment ofayha. .
MicroRNAs (miRNAs) are a class of small non-codingCell Cultures and Transfection

RNAs which interrupt the translation of target mRNAs with Glioma C?” lines U251 gnd U118MG, and HEK_'293T cells
mIRNA response elements (MREJ)( MiRNAs participate in were obtained from American Type Culture Collection (ATCC,

a variety of biological processes, such as cell di erentiatio Manassas, VA, USA). Cells were cultured in complete growth

proliferation, mobility, and survivalg). In addition, dysregulated med?um, which is composed of pulbecco's Modi (_ad Eagle's
MIRNAS can act as oncogenes of tumor SUPPressor gen%ed'um (DMEM) supplemented with 10% Fetal Bovine Serum

that play important roles in tumorigenesis and progression 01|(,FBS' Gibcck), US.A). and l%. Pegicillin/StLepE)omycin. All cell
malignancies {-9). For example, miR-20a and miR-106b have'Nes were kept in in a 3T incu gtor_wn 5% CQ. U251
nd U118MG cells were seeded in six-well plates or 96-well

a putatively causative involvement in malignant progressior‘?‘I ) focti » h I .
of pediatric brainstem glioma (BSG) and are regarded a? a};[)es._For h§|RNA tranjde?;lor) ho each well, 100nM S,'RNA
possible novel targets for constraining the rapid fatal ceurs RiboBio, China) was added with RNA iIMAX Reagent (Sigma,

of pediatric BSG 10). In addition, there are also some other USA). For plasmid transfection, plasmids were added with

: . i )
miRNAs involved in the progression of glioma. Yang et al foundv'a':ecf Transfection Reagent (Promega, USA) according to

that ve miRNAs with diagnostic and preventive potentialsthe,m‘?‘r?Ufac'[urer'S .gwdelmles. MiR-224-5p mimic, miR-224-
were signicantly correlated with survival time, includjn 59 |nh|b|tor and their nggatlve controls were purchased from
hsa-miR-155, hsa-miR-199b, hsa-miR-10a, hsa-miR-12ib, Ribobio (Guangzhou,China).
hsa-miR-45511). . .

Circular RNAs (circRNAs) are endogenous, abundantPlasmid Construction
non-coding RNAs with important biological functions1p). —The 402bp length sequence of circRNA circPCMTD1 was
CircRNAs have a high tolerance to exonucleases becaud@Pplied using 293T cell cDNA as a template, with the primers
of their special covalent loop structure withouf 6ap and listed as circPCMTD1-F and circPCMTD1-Réble S). EcoR
3 tail, which may serve as special molecular markers ihand BamH | are endonuclease sites for plasmid construction

some diseases including tumors3¢15). In recent years, With pLCDH-CiR vector. The primers used for amplifying
circRNAs have been proven to be associated with huma@ircPCMTD1-WT are LUC-CIR10873-F and LUC-CIR10873-R.
neurodegenerative diseasess)( cancers 17), as well as the CircPCMTD1 mutant of miR-224-5p binding site, containing
development of human brain1@). CircRNAs could function G to C and A to T substitutions (synthesized by GeneCreate

as microRNA (miRNA) spongesl@-21). For example, ciRS- Biological Engineering, China), was amplied with primers
7 adsorbs miR-7, and is the rst characterized circRNA toLlUC-CIR10873-F and LUC-CIR10873-R. The fragments of

support the miRNA sponge mode|22) Add|t|ona||y’ more CircPCMTD1-WT and CircPCMTD1 mutant were cloned into

and more circRNAs were proven to be miRNA sponges irfhe psiCHECK-2 luciferase vector (Promega, USA) with Notl
di erent cancers, such as colorectal cancer, gastric Canc@nd Xholl endonuclease. The sequences of all constructs were
breast cancer and glioma2%-25). Recent studies have alsocon rmed by DNA sequencing (IGE Biotech, China).
shown that circRNAs participated in the progression of tumors
through regulating gene expression at transcriptional andQuantitative Real-Time PCR (QRT-PCR)
post-transcriptional levels 16, 26). Circ-TTBK2 regulated Cytoplasmic and nuclear RNA isolation were performed using
the miR-217/HNF1b/Derlin-1 pathway to promote the Nuclear and Cytoplasmic Protein Extraction Kit (BD, China)
progression of gliomaZ7); and circ-SHKBP1 regulated the with RNase inhibitor from the Goscript RT system (Promega,
angiogenesis of U87 glioma-exposed endothelial cells ttroudJSA) following the manufacturer's instruction. Total RNA was
miR-544a/FOXP1 and miR-379/FOXP2 pathwaysd).( In  extracted from cultured cells with Trizol (Life Technologie
glioma cells, Li et al. reported that upregulated hsa_cir67684 USA) according to the manufacturer's protocol. RNA purity was
could regulate cell growth and migratory capacity via spoggin evaluated based on the A260/A280 ratio. cDNAs were prepared
miR-761 Q9. by reverse transcription with the Goscript RT system (Promega,
CircPCMTD1 is a circRNA found to be signicantly USA). Expression of miRNAs was normalized in each sample
upregulated in glioma tissue8@). CircPCMTD1 continuously to U6, while the expression of circPCMTD1 was normalized
increased while circTUBA1B continuously decreasedn each sample to GAPDH. The bulge-loop RT primer, qRT-
during all dierentiation stages in the cardiovascular PCR primers specic for miRNAs, and primers for the back-
System 14, 31), but the function of circPCMTD1 splice region of cicPCMTD1 were synthesized by GeneCreate
remains unclear in glioma. This study was designediological Engineering (China). Ampli cation was performed
to investigate the expression and molecular functiorwith the SYBR green SuperMix (Bio-Rad,USA) on a CFX96
of circPCMTD1 in glioma cells, and to explore the Touch™ Real-Time PCR Detection System (Bio-Rad,USA). Data
molecular mechanisms in aspect of its interaction withwere collected and analyzed with the Bio-Rad software using
miRNAs. Our work would elucidate the important 2 11 ¢ method for quali cation of the relative expression levels
role of circPCMTD1 in glioma and could provide of miRNAs and circPCMTD1. All experiments were repeated
a novel insight into circRNA-targeted treatment at least three times. The primers used in this study were listed
in glioma. in Table S1
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Cell Proliferation Assay transfected with the siRNA of circPCMTD1 or control siRNA
Cells were seeded in a 96-well plate and transfected witlere diluted in Matrigel mix. Mice were injected subcutangigu
10nM siRNA. The cell viability was measured every 12 h aftewith 0.1 mL of the suspension into the back ank. After 6 weeks,
transfection with Cell Counting Kit 8 (MCE, China) accordin the mice were killed, and the tumors were dissected and veeigh
to the manufacturer's instructions. The plate was incubdted  Tumor volume was calculated by the modi ed ellipsoid formula:
days. The number of viable cells was evaluated by the absmba tumor volume (cn¥) D xy?, where x is the greatest longitudinal

at 450 nm. diameter and y is greatest transverse diameter. This stuay w
) ) performed in accordance with animal use protocols approved
Cell Migration Assay by the Committee for the Ethics of Animal Experiments,

After scratched with 20rL pipette tips, the cells were incubated Shenzhen Peking University-The Hong Kong University of
with serum-free medium for 24 h. Image pro plus 6.0 softwareScience and Technology Medical Center (SPHMC) (protocol
(Media Cybernetics, USA) was used to measure distance, whitember 2011-004). All animals were handled in accordance
GraphPad Prism (GraphPad Software, USA) was used favith the guidelines of the Committee for the Ethics of Animal
statistical analysis. For the transwell migration ass@p . Experiments, SPHMC.

media supplemented with 10% FBS was added to the lower

chamber (Corning, USA). Cells resuspended in serum-free anedi

were then added to the upper insert after transfection. AfteDual Luciferase Reporter Assay

incubation for 24 h, Transwell membranes were xed with 4%HEK-293T cells were seeded in 12-well plates (Costar, USA),
Paraformaldehyde xative (PFA) and stained with 0.5% alst which were divided into two mimic groups, two mimic-NC
violet solution for 30 min. Cells stayed in the upper surfacthef groups, two inhibitor groups, and two inhibitor-NC groups.
membrane were wiped o with a cotton swab. The cells adherindzach group was transfected with 200 psiCHECK-2-PCMTD1-

to the lower surface of the membrane were photographed undénNT or psiCHECK-2-PCMTD1-mut. Reporter vectors were co-
light microscope, counted by Image J and analyzed by GraphPadnsfected with miR-224-5p mimics, miR-224-5p inhibitand
Prism (GraphPad Software, USA). The numbers of cells counteglated negative controls by using Viafect reagent (Promega,

in verandom elds. USA). Luciferase activity was measured with the dual luadfer
. reporter assay system (Promega, USA) 36 h after transfection.
Cell Invasion Assay One hundred fty microliter Lysis Bu er was added to each pore

Transwell chambers coated with 20L Matrigel were used and placed in a new centrifugal tube for 5 min. The mixture was
to assess to the invasion ability of glioma cells. Gliomés celcentrifuged for 30 s and placed on ice. In the darkroom,ni0
resuspended in serum-free media were added to the upper insdysate and 10rL Luciferase Substrate were added to the new
after transfection. Transwell membranes were xed with 488 P centrifugal tube and mixed quickly within 3s. Then @@ Stop
and stained with 0.5% crystal violet after 48 h. Cells staped iReagent was added and mixed quickly within 3s, and Renilla
the upper surface of the membrane were wiped o with a cottonluciferase activity was detected. Fire y luciferase #gtiwas
swab. The cells adhering to the lower surface of the membramermalized to renilla luciferase activity. All experimentsrave
were photographed under light microscope, counted by Imageepeated at least three times.
J and analyzed by GraphPad Prism (GraphPad Software, USA).
The numbers of cells counted in ve random elds.

RNA Immunoprecipitation (RIP) Assay
Flow Cytometry (FCM) Assay The U251 cells were used to perform these assays with the RIP kit
Cells were seeded into a 6-well plate and cultured in standar@BersinBio, China). Brie y, more than 5 10’ cells were collected
conditions for 36 h. After transfection, the cells were tested, and washed with PBS, then cross-linked at@¥or 10 min. Cells
xed with 70% cold ethanol at 4C overnight and washed were lysed with 1 ml lysis bu er and fully homogenized with a
with PBS twice. The cells were subjected to PI staining witB.4 mm syringe. After DNA was removed, di erent biotinylated
FxCycléMPI/RNase Staining solution (Invitrogen, USA) and antisense probes (0.2 nmol) were added to the circRNA-RIP
detected by Gallios ow cytometer (Beckman, USA) according t system, and one biotinylated antisense probe (0.2 nmol) texgiet
manufacturer's instructions. Cells were trypsinized, sggnded the adaptor sequence was added to the circRNA-RIP system. The
and incubated with 50@nL of PI. Data were collected by FACS probes and beads were prepared. The probes were incubated
Aria ow cytometer (BD Biosciences) at 488 nm, and the cellt 65C for 10min and hybrided at room temperature for
cycle radio was determined by Mod t software (Verity Softear 30 min, then denatured at 5€ for 5min and hybrided at

House, USA). room temperature for 90180 min. Six hundred microliter
_ o streptavidin-coated magnetic beads was added. Magnetisbea
Nude Mouse Tumorigenicity Assay were collected by magnetic frame and transferred to new.tube

Six-week-old male nude mice were purchased from Guangdongon-speci cally bound RNAs were removed by washing, and
animal experimental center and housed in a speci ¢ pathogentrizol reagent was used to reverse transcribed miRNAs to cDNA
free room in the Animal Facility at the Biomedical Researctspeci cally interacting with circRNAs. PCR and qRT-PCR were
Institute, Shenzhen Peking University—the Hong Kongused to analyze binding strength after reverse transcrilbirgy
University of Science and Technology Medical Center. CellmiRNAs. The probes used in the RIP assay are listdadble S2.
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Statistical Analysis in U118MG cells Eigure 3A). Previous results suggested that
The software SPSS 19.0 was used for data analysis. CGK8vnregulation of circPCMTD1 may inhibit the progression of
assays were assessed using repeated measures ANOVA. FFor atin@or. To further investigate the function of circPCMTD1 in
experimental data, comparisons among multiple groups wertumor growth and invasionn vivo, xenograft experiments were
performed with one-way ANOVA, followed by LSO®st hoc performed. It was found that inhibition of circPCMTD1 led to a
analysis. Comparisons between two groups were achieved wikgni cant reduction of tumor growthin vivo (Figures 3B-D.
Student's unpaired-test. The data were presented as mean . .

s.d from at least three separated experimemss 0.05 was MIRNAs Pro les of circPCMTD1

considered statistically signi cant. Knockdown Models in Glioma Cells
To explore the potential involved miRNAs, miRNA microarray
RESULTS analyses were performed on circPCMTDL1 silencing models in
U251 and U118MG cells. Hierarchical clustering showed the
CircPCMTD1 Promoted Cellular Viability top upregulated and downregulated clusters of miRNAs in
and Proliferation glioma cells when circPCMTD1 was silencédglre 4A). The

In the previous study, it was shown that the expressioﬁ’ariaﬂon of miRNAs expression was revealed in the scatter
level of circPCMTD1 was signi cantly upregulated in gliomaplc’t (I_:igure 4B). Results from the bioinformgtics analysis_found
tissues, which suggested that the circPCMTD1 may act as élﬁatcwcPCMTDl knockdown could, respectively, a ect miRNAs

oncogene in glioma3(). CircPCMTD1 knockdown models and " both cell models kigures 4C,0). We found 84 miRNAs

overexpression models were constructed in U251 and U118Méoreg_ulated with fold change 1.5 in model of U251 qe”S’ while
cells, to explore the oncogenic function of circPcMTD1.68 MIRNAs were upregulated by the same cuto in model of

After transfection of overexpression vector and siRNA, tha 118MG cells, and 14 miRNAs were upregulated in both models

overexpression and knockdown e ciency of circPCMTD1 were(Figure 40. We also found 97 miRNAs downregulated with
conrmed by qRT-PCR Figures 1A,B. The cell cycle and fold change>1.5 in model of U251 cells, while 40 miRNAs
the cell proliferation rate in these cells were tested. It wadoWnregulated by the same cuto inmodel of U118MG cells, and

found that circPCMTD1 overexpression signi cantly improved 2 MIRNAs were upregulated in both modekigure 4D). The
the cell viability and proliferation of U251 and U118MG cells@nalysis of the circRNA-miRNA-mRNA network were identi ed

(Figures 1C,D, while inhibition of circPCMTD1 reduced their and indica_ted by the bioinformatics analysiBigures 4E’5’ .
cell viability and proliferation Figures 1E, . and the miR-224-5p was the only gene to be associated with

In addition, the cell cycle was accelerated to S/Gle\A:ircPCMTDl with a complementary sequence in circPCMTD1

phase when the expression of circPCMTD1 was upregulated9ure 5B). Therefore, we hypothesize that miR-224-5p may be
(Figures 1G,H in both U251 and U118MG cells, while regulated by circPCMTDL1 in glioma cells. All raw data can be
massive G1 phase arrest was observed when the expresdigind at the NCBI SRA with accession numbers SRR8934915,
of circPCMTD1 was stably silence#figures 1G,H. However, SRR8934916, SRR8934917, SRR8934918.

!(nockdown of circPCMTD1, by tvyo junction-speci ¢ siRNAs CircPCMTDL1 Served as a Sponge

in U251 and U118MG cells, signi cantly decreased cell cyclef iR-224-5
acceleration and cell viabilityF{gures 1E—H. It indicated that o mik- -op

silencing circPCMTD1 could induce cell cycle arrest and redu 10_investigate the relationship between circPCMTD1 and
proliferation in glioma cells. miR-225-5p, we rstly identi ed the intracellular location of

circPCMTDL1 in glioma cell lines. Nuclear and cytoplasmic
Effects of circPCMTD1 on Cellular fractions were separated from ce[ls and the levels of the
Mi . di . nuclear control U6 and cytoplasmic control GAPDH were
Igration an .nvaS|on . detected by gRT-PCR, respectively. The results revealdd tha
The wound-healing assays showed that circPCMTDY.peMTDL mostly distributed in the cytoplasm of glioma cells

overexpression enhanced the migration ability of U118MGgigyre 5a), indicating the possibility of its role as the molecular
and U251 cells. When circPCMTD1 was downregulated, the,onge to interact with miRNA, which led to the liberation of

migration ability was suppressed signi cantly, especiallft®  corresponding miRNA-targeted transcript§d). According to
si-circ-2 SiRNA in U118MG cellsFigures 2A,B. Transwell  yhe prediction from circular RNA interactome and Targetscan,
migration assays also suggested that migration ability angd ¢omplementary sequence in circPCMTD1 for miR-224-5p was
invasion ability of.both U-118MG and .U251 cells was -enhanceqjenti ed (Figure 5B). Thus, a dual-luciferase reporter assay was
after overexpression of circPCMTDEigures 2C,D), while the  {hen performed to con rm the interaction between circPCMTD1
silencing model inhibited the migration and invasion of@ha  5nq mir-224-5p. The results showed that transfection of amiR
cells Figures 2E,fy. It suggested that circPCMTD1 may serve 8451 mimic signi cantly attenuated the activity of lueiise
an oncogene in glioma cells. reporter containing wild-type circPCMTD1 compared with

. . the mimic control EFigure 5C), while miR-224-5p did not
Knockdown of circPCMTD1 Inhibited aect the activity of luciferase reporter containing a mutant
Glioma Cells Growth in vivo circPCMTD1 fragmentFigure 5E). Transfection of miR-224-5p
The expression level of circPCMTDL1 in di erent glioma cellsinhibitor slightly reduced the activity of the luciferaseporter
was analyzed. It is a signi cantly higher level of circPCMTD1containing wild-type circPCMTD1 Kigure 5D). It suggested

Frontiers in Oncology | www.frontiersin.org 4 May 2019 | Volume 9 | Article 398


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Zheng et al.

CircPCMTD1 Promoted Glioma Progression

A
3 vector
25+ 3 over-circ
s
*k ke
5 - 20
7]
o
7]
o E 15
go
x
oS 101
2G
8° o
[)
o
0 L L L L
U251 U118MG
(o]
-e- vector
159 = circPCMTD1
—_ *kk
£ P
S 1.0
n
% kK
2 Fedkk
$ 0.5
a
o
0.0 T T T T T T
24h 36h 48h 60h 72h 84h
U251
E
-e- si-NC
si-circ-1
— —#— si-circ-2 s
g *kk F*kk
8 1.0 #
< # * k%
?’f *kk
2 *%
$ 05 W
a
o
.0 T T T T T T
24h 36h 48h 60h 72h 84h
U251
G
Bl GO/G1
- @ G2/m
9
§ 100- Kk e o
&
[-%
oL
[%]
2 501
3
(5]
0.
N o <O N a9
o S R < <
& e & oS8
K\ 040 & ‘}40
U251

FIGURE 1 | Effect of circPCMTD1 on cells growth and proliferation(A) After transfection of overexpressing vector, the relativexpression of circPCMTDL1 in U251 and
U118MG was detected by qRT-PCR. GAPDH was used as control. Dia represent means SD (1 D 3, each group). (B) After transfection of circPCMTD1 siRNA and
control siRNA, the knockdown ef ciency of circPCMTD1 was corrmed by gRT-PCR. GAPDH was used as control.(C,D) CCK-8 assays showed that overexpressing
circPCMTD1 in the U251 and U118MG cell line, the cell vialtifiwas upregulated. (E,F). CCK-8 assays showed that cell proliferation was suppressgwhen
circPCMTD1was silenced. ### < 0.001 or ***p < 0.001 vs. control vector group for si-circ, *P < 0.01 or ##p < 0.01 vs. control vector group for si-circ, P < 0.05 or
#p < 0.05 vs. control vector group for si-circ, # for si-circ-1 ard * for si-circ-2, n D 4. (G,H). The cells were accelerated to S/G2/M phase when circPCMTD1 wa
upregulated. Conversely, U251 and U118MG cells with circPRITD1 stably silencing exhibited a massive G1 phase arrest** < 0.001 vs. control vector group for

over-circ, ###p < 0.001 vs. control vector group for si-circ,n D 4.

Relative expression of
circPCMTD1

3 si-NC
3 si-circ-1
3 si-circ-2

Hkk

-
o
]

Hekk

-
o
I

[

o o
> (]
1
]
|
1

U251 U118MG
D
1.0- -e- vector
7] = circPcMTD1 i
E 0.8
c
2
g 0.6
g
5 0.4
>
a
O 0.2
T T T T T T
24h 36h 48h 60h 72h 84h
U118MG
F
-e- si-NC "
0.8+ si-circ-1 *%
=k si-circ-2 Hk
E 0.6
(=}
0
I
g 04
©
>
o 0.24
o
T T T T T T
24h 36h 48h 60h 72h 84h
U118MG
H
BB GO/G1
150%, B3 S
— == el
X
T *kk #h ##
@ 100%-
&=
[}
o
o
3 50%-
3
o
0%-

U118MG

Frontiers in Oncology | www.frontiersin.org

May 2019 | Volume 9 | Article 398


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Zheng et al. CircPCMTD1 Promoted Glioma Progression

si-circ-1 si-circ-2

vector over-circ si-NC

B U118MG

; N L R o Pl
vector over-circ si-NC si-circ-1 si-circ-2 C
Migration
(o] 3 vector
4004 3 over-circ
o T
8 H
> E
k=l
£
5
Q H
3 2
5 z 1
U251 U118MG
vector over-circ
D Invasion
5 3 vector
600, 3 Over-circ
= =
< s
> g
2 400
£
T
H
g £ 200
@ s
= 3
5 3
9 )
u251 U118MG
Migration .
E g 0 si-NC
3 si-circ-1
% 1 . 3 si-circ-2 e
N B t—J Kk
S s -
g i
E & 600
=]
E
(<] 5 400
g E-3
28 £
S 2 200
3
© .
cire-1 U251 U118MG
F Invasion
3 si-NC
- 3 si-circ-1
&5 s 10001 g sicirc-2 ek
S €
£ g0 e L
s s
£ 600:
[0} 5
= £ 400
0 E 5
28 H
5 S 20
o
si-NC si-circ-1 si-circ-2 u251 U118MG

FIGURE 2 | Overexpression of circPCMTD1 promoted cell migration andvasion, while knockdown of cells inhibited cell migratioand invasion.(A) Wound-healing
assays showed that circPCMTD1 overexpression promoted migtion of U251 cells, and silencing circPCMTD1 suppressedhe cell migration. Statistical analysis of
three independent experiments was performed(B) Wound-healing assays showed that circPCMTD1 overexpressn promoted migration of U118MG cells, and
silencing circPCMTD1 suppressed the cell migration. Statfical analysis of three independent experiments was perfmed. (C) Transwell analysis showed
circPCMTD1 overexpression promoted the migration of U251 1ad U118MG cells. Statistical analysis of three independergxperiments was shown in panel(D)
Transwell analysis showed circPCMTD1 overexpression prooted the invasion of U251 and U118MG cells, Statistical angsis of three independent experiments was
shown in panel.(E) Transwell analysis showed circPCMTD1 knockdown promotedhte invasion of U251 cells. Statistical analysis of three ieghendent experiments
was shown in panel.(F) Transwell analysis showed the invasion was suppressed afteircPCMTD1 knockdown in U118MG cells. Statistical analys of three
independent experiments was shown in panel. Data were expssed as mean SD. *P < 0.05, **P < 0.01 represents statistical difference, *® < 0.001 represents
statistical difference.
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FIGURE 3 | Knockdown of circPCMTD1 inhibited cells growthin viva. (A)The relative expression level of circPCMTD1 in U251 and U1MSG cells were detected by
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from nude mice after injection of U118MG cells transfected ith si-NC, si-circ-1 or si-circ-2. (C) Tumor volume was monitored from each group after 35 d(D) Tumor
weights were measured from each group after 35 d. All the datare shown as the mean S.D., ***P <0.001.

that circPCMTD1 can bind miR-224-5p in the cytoplasm inthe viability and proliferation of glioma cells U251 and
baseline expression. U118MG (Figures 6C,B, while downregulation of miR-224-

To explore the direct interaction between miR-224-5p5p promoted their viability and proliferation Higures 6D,B.
and circPCMTDL1 in baseline levels of their expression, RIFhe cell cycle was accelerated to S/G2/M phase when inhibited
assays were performed. U251 cells were used to investig#ite expression of miR-224-5Figures 6G,H, conversely, miR-
the binding interaction at natural leveFigures 5F,Gshowed 224-5p stably overexpressing in U251 and U118MG cells
that miR-224-5p was signi cantly enriched in RNAs retrievedexhibited a massive G1 phase arrest compared with their cbntro
from the circPCMTD1 complex, indicating the specic cells Figures 6G,H.
interaction between circPCMTD1 and miR-224-5p in glioma .
cells. In addition, overexpression of circPCMTD1 in U2s1Effects of miR-224-5p on Cellular
and U118MG can reduce the expression levels of miR-224-gpligration and Invasion
(Figure 5H), while upregulation of miR-224-5p was observedThe e ects of miR-224-5p on cell migration and invasion were
when circPCMTD1 was silenced in glioma cefisgure 51). Our  explored through wound-healing assays and transwell askays
results revealed that circPCMTD1 could serve as a sponge ofder to con rm that circPCMTD1 promoted glioma progression
miR-224-5P in glioma cells. though its sponge activity of miR-224-5p, miR-224-5p intobit

The results of luciferase assays indicated that mMTOR wagas used to examine whether the tumor-suppressing e ect of
a direct target of miR-224-5p, which is consistent with acircPCMTD1 silencing could be blocked by miR-224-5p. In the
previous study of miR-224-5p in a gastric cancer dalhgre S)  wound-healing assays, we found that the migration ability o
(33. Dysregulation of mTOR was found in dierent types U118MG and U251 was inhibited by overexpression of miR-224-
of tumors including glioblastoma3{, 35). Downregulation of 5p (Figure 7). Transwell migration assays suggested that both
mTOR was also observed when circPCMTD1 was silenced, whilgl 18MG and U251 cells migration was enhanced after inhibition
upregulation of MTOR was also observed when circPCMTD1 wasf miR-224-5p. Both silencing of circPCMTD1 or upregulation of
overexpressed in glioma cellsgures 5J,K. miR-224-5p signi cantly reduced the cell migration and irsi@n.

. . All these ndings suggested that miR-224-5p inhibited thedl c

Effects of miR-224-5p on the Cell Viability migration and invasion in glioma cells.
and Proliferation The mammalian Target of Rapamycin (mTOR) signaling
Overexpression or silencing of miR-224-5p was performed toetwork could regulate several physiologic and pathologic
further understand their role in the progression of glioma.cellular processes, such as cell growth, proliferation, and
The transfection expression e ciency was evaluated by gRTsurvival, which is very important in tumor pathogenesis
PCR Figures 6A,B. Overexpression of miR-224-5p inhibited (36). Silencing of mTOR, as a target of miR-224-5p, could
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inhibit the viability, proliferation, migration, and invasn DISCUSSION
in U251 and U118MG cells, which has similar e ects with

silencing of circPCMTD1 and overexpression of miR-224-54~IrcRNAs are a new class of long non-coding RNAs that play a
(Figure S. It suggested that circPCMTD1 regulates mTORrole in gene expression regulation. Recent studies have shown

expression and a ects the glioma cell phenotype by competinthat circRNAs participate in the progression of tumof and

with miR-224-5p.

other diseases?). The curative e ects on glioma by surgery
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FIGURE 5 | CircPCMTDL1 served as the sponge of miR-224-5p(A) The relative expression of circPCMTDL1 in glioma cell linesare detected by gRT-PCR after
nuclear and cytoplasmic isolation experiments(B) The predicted binding sites of miR-224-5p within circPCMTR were shown, and the mutant of this site was shown.
(C) Luciferase assay of cells cotransfected with miR-224-5p adh luciferase reporter containing circPCMTD1(D) Luciferase assay of cells co-transfected with
miR-224-5p inhibitors and luciferase reporter containingircPCMTD1. (E) The activity of circPCMTD1 sequence reporter containing \d-type or mutant target sites
was determined in luciferase assay following co-transfewin with miR-224-5p mimics. (F) The enrichment ef ciency of circPCMTD1 speci ¢ probe was deteted by
gRT-PCR.(G)The enrichment fold of miR-224-5p on circPCMTD1 RIP distritied was detected by gRT-PCR.(H) The relative expression of miR-224-5p when
overexpressing the circPCMTD1 in U251 and U118MG cells waseatected by gRT-PCR.(I) The relative expression of miR-224-5p when silencing the @dPCMTD1 in
U251 and U118MG cells were detected by gqRT-PCR(J) When circPCMTD1 was overexpressed in U251 and U118MG cellshe relative expression of mTOR was
detected by gRT-PCR.(K) When the circPCMTD1 was silenced in U251 and U118MG cells, threlative expression of mTOR was detected by gRT-PCRP*< 0.05,
**P < 0.01, **P < 0.001.

and/or radiotherapy and chemotherapy have remained limiteghathogenesis of glioma remained undetermined, accumugatin
due to the complicated mechanisms of glioma, which led to pooevidence suggested that a large number of circRNAs and miRNAs
prognosis and high mortality. Although the mechanism in thewere involved in the pathogenesis of glioma. Previous studies
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FIGURE 6 | Effect of miR-224-5p on cells growth and proliferation(A) The overexpressing ef ciency of mir-224-5p in U251 and U118N& cells was detected by
gRT-PCR. (B) The silencing ef ciency of miR-224-5p in U251 and U118MG cediwas detected by qRT-PCR.(C,D) CCK8 assaysshowed overexpressing the
miR-224-5p suppressed the cell viability in the U251 and U18MG cell line from 24 to 84 h.(E,F) CCK8 assays showed silencing the miR-224-5p upregulated té cell
viability in the U251 and U118MG cell line from 24 to 84 h. *p*< 0.001, **P <0.01, *P < 0.05, n D 4. (G,H) 24 h after transfection, the cell cycle was arrested to
S/G2/M phase when upregulated the expression of miR-224-5p. @nversely, miR-224-5p stably silencing in U251 and U118MGells exhibited a massive G1 phase
upregulated compared with their control cells. t *¥§ < 0.001 vs. control group for mimic-NC, ### < 0.001 vs. control group for inhibitor-NC,n D 4.

have revealed that circRNAs could modulate gene expressiaetermine whether 20 circRNAs are functionally associatiti w
by acting as miRNAs sponges in various tumofls ¢, 37).  pluripotency, Yu et al rst examined their temporal expression
For instance, hsa_circ_0007534 promoted the progression péttern during embryoid body di erentiation. RT-gPCR anadygs
glioma through the miR-761/ZIC5 regulatory loo29). To showed that there was a downregulated trend of circPCMTD1
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FIGURE 7 | Effect of miR-224-5p on cell invasion and migration. Overgxession of miR-224-5p suppressed cell migration and invasn, while knockdown of
miR-224-5p promoted cell migration and invasion(A) Wound-healing assays showed miR-224-5p overexpression sppressed migration of U251 cells.

(B) Wound-healing assays showed miR-224-5p overexpression sppressed migration of U118MG cells(C) Transwell analysis showed miR-224-5p overexpression
suppressed migration of U251 and U118MG cells. Converselynigration was promoted when miR-224-5p was downregulated.(D) Transwell with Matrigel analysis
showed miR-224-5p overexpression suppressed invasion of 251 and U118MG cells. Conversely, invasion was promoted whemiR-224-5p was downregulated.
Statistical analysis of three independent experiments washown in panel. P < 0.05, **P < 0.01, ***p < 0.001.

in the human embryonic stem cells stage)( However, the 1l-I1V. U251 and U118MG cell lines are derived from di erent
function of circPCMTDL1 in glioma has not been investigated.grades of brain tumors. U118MG, a WHO grade IV human
In the present study, the circPCMTDL1 silencing can signi dgnt GBM cell line, derived from highly malignant GBM tumors.
inhibit glioma progressionin vivo and in vitro. Importantly, U251 glioma cells are derived from a grade Il neuroblastoma
luciferase reporter assay was induced to reveal the undgrlyi (39-41). The morphology of U251 cells are epithelial, while the
mechanisms of circPCMTD1. CircPCMTD1 was demonstrateanorphology of UL118MG cells are mixed and both glioblastoma
to be the oncogene of glioma cells for the rst time, which mayand astrocytoma cells are presed®,(43). It was found that
serve as a potential therapy target for glioma. the U251 cells had a di erent migration speed when compared
According to the World Health Organization (WHO) to U118MG cells. The U251 cells closed the wound area at a
guidelines 89), neuropathologists classi ed the tumors as gradesate of 10%/day, while the U118MG cells invaded the wound
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area at a rate of about 20-25%/da34)( These may be the the Ethics of Animal Experiments, Shenzhen Peking University

cause of their dierent behaviors relating to cell viability The Hong Kong University of Science and Technology
proliferation, migration and invasion in our experiments. Medical Center. The protocol was approved by the animal use
Upregulated circPCMTD1 in U251 cells had a more signi cantprotocols approved by the Committee for the Ethics of Animal

promotion of cell viability and proliferation than in U118MG Experiments, Shenzhen Peking University-The Hong Kong
cells, because lower baseline expression of circPCMTD1 in U2&hiversity of Science and Technology Medical Center.

cells may make the cell more sensitive.

MicroRNAs participated in the regulation of tumorigenesis
(117). MiR-224-5p was upregulated in circPCMTD1 knockdownAUTHOR CONTRIBUTIONS

glioma cells. CircPCMTD1 could directly bind miR-224-5p andS-QZ carried out the molecular and cellular studies, partiiga

had an e ect on miR-224-5p expression levels. The expressian e animal experiments and drafted the manuscript. HY, LL,

level of miR-224-5p was decreased in the CIcPCMTDL,y v performed the statistical analysis. JW, BY, and F-LZ
overexpressed glioma cells. Several studies have revealed,gisinated in this design. X-FC revised the manuscripts and
decreased level of miR-224-5p in osteogenic dierentiaion o qiaistical analysis. WZ conceived of the study and helped

di er_en_t Ce.”S @4, 49). It was found that 'T"R'22_4'5P was ab!e to draft the manuscripts. All authors read and approved the
to distinguish tumors from non-neoplastic penile tissueshwit nal manuscripts

high sensitivity and speci city. It was shown that miR-224-5

expression level was downregulated in uveal melanomared li

and tissues. FTH1P3 expression was inversely correlatadiveit FUNDING

miR-224-5p expression in uveal melanoma tissues. Invéistiga

of the underlying mechanism may be a target for the treatnuént This ~ work  was  supported by  National ~ Natural
uveal melanoma4). Analysis of the Cancer Genome Atlas dataScientic  Foundation of China (81673053, 81874249),
showed lower miR-224 expression levels and higher expressigienzhen  Research ~ Grant  (JCYJ20160428173958860,
were correlated with poorer survival. In addition, they aisond 507182657867, JCYJ20180223181224405).

that overexpression of miR-224 could increase the radiation

sensitivity of glioblastoma cells, which appeared as promisinrACKNOWLEDGMENTS

options for the treatment of glioblastomat®). It suggested

that the miR-224-5p may serve as a potential target for gliom¥/e would like to thank the principle investigators and
therapy. In addition, inhibition of mMTOR could suppress gliomatechnologists in Shenzhen Peking University-The Hong Kong
cells progression, and mTOR has an interaction with miR-224University of Science and Technology Medical Center Shenzhen
5p. In conclusion, circPCMTD1 was demonstrated to be arBiomedical Research.

important oncogene involved in the progression of glioma.
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